mechanical agitation results in significant biological conse-
Introduction

Materials and methods
NOR-1 is a putative transcription factor originally identified
Cell cultures in the fetal rat brain, 1 that has close structural homology to NGFI-B 2 (also called Nur77 3 and TR3 4 ) and Nurr1 5 (also HL-60 (promyelocytic leukemia), THP-1 (monocytic leucalled RNR-1 6 and NOT 7 ), which constitute a distinct subfamkemia), U937 (histiocytic lymphoma), K562 (chronic myeily within the nuclear receptor superfamily. 8 Since specific logenous leukemia), Raji (Burkitt lymphoma), KG-1 (acute ligands for these molecules have not yet been identified, they myelogenous leukemia) and KATO III cells (gastric carcinoma) are often called orphan nuclear receptors. NOR-1, NGFI-B were obtained from Human Science Research Resources and Nurr1 have been implicated in neuroendocrine reguBank, Tokyo, Japan. All cell lines were cultured in RPMI-1640 lation, 5, 9 neuronal differentiation, 2,10 liver regeneration 6, 11 and medium containing 10% fetal bovine serum (FBS) (Mitsubishi T cell apoptosis.
12,13 However, little is known about the molKasei, Tokyo, Japan) and maintained at 37°C in 5% CO 2 . For ecular mechanisms by which these transcription factors are agitation studies, 5 × 10 5 (HL-60, THP-1, U937, K562, Raji involved in such diverse biological processes. NGFI-B and and KG-1) or 3 × 10 5 (KATO III) cells were plated in 10 ml of Nurr1 form heterodimers with RXR, a receptor for 9-cis retigrowth medium in 75 cm 2 tissue culture flasks (Iwaki, Tokyo, noic acid.
14,15 NOR-1 fuses to the truncated EWS gene proJapan) 1 day before study. duct to form an anomalous chimeric protein in human chondrosarcomas. 16, 17 These findings suggest that these orphan receptors are involved in the control of cell growth and differAgitation of cells and total RNA isolation entiation by modulating the retinoic acid signaling pathway.
We have shown that NOR-1, NGFI-B and Nurr1 genes are Cells were agitated by manually inclining the culture flask. immediate-early genes that are transiently induced in diverse One cycle of agitation consisted of continuously moving the cell types by a variety of stimuli such as forskolin, 12-O-tetraflask from an upright, to a horizontal position and back again. decanoylphorbol-13 acetate and growth factors.
18,19 These After defined repetitions of this procedure (1 cycle/s), cells immediate-early genes are ubiquitously expressed in vivo, but were cultured, then total RNA was isolated using a kit predominantly in the nervous, endocrine and immune systems (RNeasy; Qiagen, Hilden, Germany). To study the inhibiting under basal conditions. 20,21 Expression of these genes is also effect of albumin, cells were cultured in growth medium containing 10% FBS plus 0, 0.5 or 1% (w/v) of bovine albumin (Fraction V: Daiichi Pure Chemicals, Tokyo, Japan (Figure 2 ). The mRNA levels reached a maximum at 1 h after The cDNAs of NOR-1, NGFI-B and Nurr1 mRNA were generagitation, then decreased rapidly. NOR-1 mRNA was similarly ated in a single tube by reverse transcription of total cellular induced in cells agitated in polypropyrene culture tubes (data RNA (2 g) in the presence of 0.05, 0.5 and 0.05 attomoles not shown). of NOR-1, NGFI-B and Nurr1 internal standard RNA, respectWe next examined the dose effect of mechanical agitation ively, with the mixture of the specific antisense primers for on NOR-1, NGFI-B and Nurr1 gene expression in HL-60 cells NOR-1, NGFI-B and Nurr1 as described. 20, 21 The cDNA of 1 h after agitation ( Figure 3 ). The increase in the dose of mecheach mRNA was amplified separately by PCR with specific anical agitation up to 10 cycles (see Materials and methods) primers as described, 20 ,21 of which the sense primer was labcaused an increase in the mRNA levels of all these genes in a eled with fluorescein isothiocyanate. The conditions were dose-dependent manner. The induction was maximal in cells 1 min at 95°C, 2 min at 66°C and 3 min at 72°C (23 cycles agitated for 10 cycles. The mean maximum increase over the for NGFI-B and 28 cycles for NOR-1 and Nurr1, respectively), non-agitated control was 4.5-fold (NOR-1), 2.7-fold (NGFI-B) with a final extension at 72°C for 10 min. The amount of the and 3.6-fold (Nurr1), respectively. A further increase (20 and fluorescent PCR product was measured using a capillary DNA 40 cycles) in the agitation dose resulted in the submaximal sequencer (ABI PRISM310; Perkin-Elmer, Foster City, CA, induction of NOR-1 and Nurr1 genes (P Ͻ 0.05 vs cells agi-USA). The amounts of NOR-1, NGFI-B and Nurr1 mRNA were tated for 10 cycles, n = 4). determined by multiplying the concentration of the internal standard RNA by the ratio of the fluorescence of the authentic NOR-1, NGFI-B and Nurr1 PCR products and comparing it to NOR-1 mRNA induction in various cell lines by that derived from the corresponding internal standard RNA.
mechanical agitation
The data were compared by the two-way analysis of variance followed by a Student's t-test.
We We examined the linearity and sensitivity of the modified To understand the mechanism of the agitation-induced expression of immediate-early genes, we performed several quantitative RT-PCR assay. In the presence of 0.5 attomoles of the NGFI-B and 0.05 attomoles of the NOR-1 and Nurr1 experiments. Adding conditioned medium from the agitated, to non-agitated HL-60 cells did not induce NOR-1 mRNA internal standard RNA, the molar ratio of the PCR product derived from the authentic mRNA to that from the internal (data not shown), excluding the involvement of chemical mediators released from the agitated cells. We found that HLstandard was proportional to the amount of the total cellular RNA over the ratio range of 0.13-17.9 for NOR-1 (Figure 1a) , 60 cells cultured in medium containing 20% FBS showed an attenuated induction of NOR-1 mRNA after mechanical agi-0.06-1.3 for NGFI-B (Figure 1b) and 0.68-47.3 for Nurr1 (Figure 1c) , which corresponded to the range of 0.0065-0.895 tation (data not shown). We examined whether bovine albumin exhibited similar effects. Bovine albumin in the culture (0.13 × 0.05-17.9 × 0.05) attomoles of NOR-1 mRNA, 0.03-0.65 (0.06 × 0.5-1.3 × 0.5) attomoles of NGFI-B mRNA and medium significantly inhibited the NOR-1 mRNA induction (P Ͻ 0.05, n = 3) in a dose-dependent manner (Figure 5a ). In 0.034-2.365 (0.68 × 0.05-47.3 × 0.05) attomoles of Nurr1 mRNA, respectively. These findings validated this RT-PCR as contrast, forskolin-induced NOR-1 gene expression was not suppressed by albumin (Figure 5b ). These findings indicate a means of quantifying NOR-1, NGFI-B and Nurr1 mRNA.
Two micrograms of total RNA from all cell lines generated that the inhibitory effect of albumin on the agitation-induced NOR-1 gene expression was not caused by the general supspecific NOR-1, NGFI-B and Nurr1 PCR products. The amount of the specific PCR products fell within the linear pression of cell signalling and transcription. range of the RT-PCR assay (NOR-1: 3.3-448 attomoles/mg total RNA, NGFI-B: 15-325 attomoles/mg total RNA and Nurr1: 17-1183 attomoles/mg total RNA). Neither the blank Discussion samples prepared by the RT-PCR in the absence of cellular RNA nor those prepared in the absence of reverse tran-NOR-1, NGFI-B and Nurr1 are closely related putative transcription factors that constitute a distinct subfamily within the scriptase generated specific PCR products (data not shown).
Figure 1
Relationship between the amount of cellular RNA and the ratio of the fluorescence of the authentic PCR products to that derived from the internal standard RNA. Serially diluted total cellular RNA isolated from culture cells was reverse-transcribed in a single tube in the presence of 0.05, 0.5 and 0.05 attomoles of NOR-1, NGFI-B and Nurr1 internal standard RNA, respectively, and a mixture of the specific antisense primers for NOR-1, NGFI-B and Nurr1. One-twentieth of the cDNA mixture was amplified by PCR with specific fluorescein-labeled primers. The ratio of the fluorescence of the PCR products derived from the authentic mRNA to that from the internal standard RNA was plotted against the amount of the cellular RNA. steroid hormone receptor superfamily, and also belong to the rapid and transient induction of these genes was typical of immediate-early genes. Dose-response analysis revealed category of the immediate-early genes. 27 A variety of stimulants, including cAMP, phorbol ester, growth factors and a attenuated responses to excessive stimuli, as is often seen in other biological systems. membrane depolarizer, induce the expression of these genes through several signalling pathways. In the present study, we
Although the exact mechanism of the agitation-induced expression of immediate-early genes remains elusive, the demonstrated that NOR-1, NGFI-B and Nurr1 were induced by mechanical agitation in a dose-dependent manner. 
